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ABSTRACT 

Glaucoma is an irreversible eye disease that can damage the eyes optic nerve. 

Many of the persons with glaucoma may not know their disease. So detection in time is 

the key to avoid vision loss. Earlier detection of glaucoma is not sensitive enough for 

accurate glaucoma screening. Hence the adaptive global maximum clustering is 

proposed for segmenting disc and cup. This method helps to find the proper discrete 

regions not only from clear images but also from blurred images. It is purely automatic 

detection hence the human interaction can be limited in a certain limit.  Histograms are 

used to boost up the performance of glaucoma detection. Boundary of disc and cup help 

to calculate the cup to disc ratio and finds the severity of disease. The experimental 

result shows the actual boundary of disc and cup better than the previous methods. A 

detailed study about the Glaucoma has been discussed in this review journal. 

KEYWORDS: Glaucoma Screening, Cup Segmentation, Cup to Disc Ratio, Disc 

Segmentation. 
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INTRODUCTION 

Glaucoma is an irreversible eye disease 

which leads to blindness. In the world about 79 

million people is likely to be affected by 

glaucoma by the year 2020 [1]. Glaucoma can 

permanently damage vision in the affected eyes 

and lead to blindness if left untreated Glaucoma 

has been called the "silent thief of sight" 

because the loss of vision often occurs 

gradually over a long period of time, and 

symptoms only occur when the disease is quite 

advanced. Once lost, vision cannot normally be 

recovered, so treatment is aimed at preventing 

further loss. Worldwide, glaucoma is the 

second-leading cause of blindness 

after cataracts and it is an irreversible 

blindness. In fact, as many as 6 million 

individuals are blind in both eyes from this 

disease. In the United States alone, according to 

one estimate, over 3 million people have 

glaucoma. As many as half of the individuals 

with glaucoma, however, may not know that 

they have the disease. The reason they are 

unaware is that glaucoma initially causes no 

symptoms, and the subsequent loss of side 

vision is usually not recognized.  

Three methods are there to detect 

glaucoma, calculating the raised intraocular 

pressure (IOP) [2], estimation of abnormal 

visual field, Estimation of damaged optic nerve 

head. Raised intraocular pressure (above 21 

mmHg or 2.8 kPa) is the most important and 

only modifiable risk factor for glaucoma. But 

the IOP measurement using noncontact 

tonometry is not an effective screening tool 

because glaucoma can be present with or 

without increased IOP. A functional test 

through vision loss requires large equipments 

only present in territory hospitals and it is high 

cost. So it is unsuitable for screening. 

Estimation of the damaged optic nerve head is 

good than other two. Optic nerve head 

assessment can be done by a trained 

professional. However, manual assessment is 

subjective, time consuming and expensive. 

Therefore, automatic optic nerve head 

assessment would be very useful. 

Main glaucoma risk factors are, vertical 

cup to disc ratio (CDR) [3], disc diameter [4], 

ISNT [5] rule, peripappillary atrophy (PPA) 

[6], notching [7], etc. A larger CDR indicates a 

higher risk of glaucoma. CDR is the ratio 

between the diameter of the physiologic 

cup and the diameter of entire optic disc. If the 

CDR value is far exceeds the allowable limit of 
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0.5. Therefore, this optic disc probably has 

pathologic cupping, usually a sign of glaucoma. 

 

Figure: 1. Structure of optic disc 

The optic disc is placed 3 to 4 mm to 

the nasal side of the fovea. It is a vertical oval, 

with average dimensions of 1.76mm 

horizontally by 1.92mm vertically. Optic Disc 

of eye can be divided into two distinct regions; 

inner bright region is known as the optic cup 

and the outer region is known as neuroretinal 

rim. Fig.1. shows the structure of optic disc. 

The ratio of the size of the optic cup to the 

optic disc (or cup-to-disc ratio) is measured to 

diagnose glaucoma. Normal cup to disc ratio is 

0.3 if it is more than it suggests glaucoma. 

This paper proposes adaptive global 

maximum clustering based disc and cup 

segmentations for glaucoma screening. A 

similar concept has been used for superpixel 

classification [8]. We compute center surround 

statistics from multiple regions and unify them 

with histograms for disc and cup segmentation. 

Based on the segmented disc and cup, CDR is 

computed for glaucoma screening.  Our work is 

aimed at computing the boundary region of disc 

and cup very accurately for glaucoma 

detection. 

The paper is organized as follows. In 

Section II, we introduce Adaptive global 

maximum clustering based OD segmentation 

including the generation of multiple regions, 

the extraction of features from multiple regions 

for the classification and the computation of the 

Vertical Disc Diameter. Section III introduces 

adaptive global maximum clustering based cup 

segmentation, where the procedure is similar to 

that in disc segmentation. Section IV shows the 

experimental results including the accuracy for 

disc and cup segmentation as well as glaucoma 

screening. Discussions and conclusions are 

presented in final section. 

DISC SEGMENTATION 

Background 

Multiple region segmentation is 

proposed for segmenting the optic disc and cup.  

Adaptive Global Maximum Clustering is used 

for segmentation. It helps to detect the 

boundary of optic disc and optic cup 

accurately. Adaptive global maximum 

clustering segments an image into several sets 
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of pixels with similar intensity values called 

regions. In feature extraction, extracting the 

color features from this region. In 

classification, determine the each region as disc 

or non-disc. And deformation helps to tuning 

the boundary of disc.   

Adaptive Global Maximum Clustering 

This paper proposes Adaptive Global 

Maximum Clustering [9] AGMC which is 

applied to automatically find the number of 

different regions and the meaningful clusters 

that have an important role in segmentation 

process. The adaptive global method is an 

unsupervised learning, trying to find the hidden 

structure of an image.  

Here we use an image histogram to get 

the number of different regions. In most 

images, there are too many local maxima of 

image histograms. But we need to find only the 

significant local maxima since those maxima 

are necessary to discriminate regions. To 

extract the  significant  local  maxima,  we  first  

search  for    an interval,  including  the  global  

maximum  of  an  original histogram,  and  then  

fix  the  interval.  Then such a fixed interval is 

called a cluster. Next, we eliminate the cluster 

gained  from  the  former  searching  process,  

from  the original  histogram  to  find  another  

new  cluster. Then search for the new cluster of 

the reduced histogram and repeat this process 

until we get the desired result. Here the x-axis 

denotes the gray level l and the y-axis denotes 

the number of occurrences of each gray level 

h(l). Later  the  histogram  changes  every  

iteration, which  is  exactly  the  reduced  

version  of  the  original histogram, the global 

maximum also adaptively changes every 

iteration.  Therefore, we call such a maximum 

an adaptive global maximum that corresponds 

to one of the significant local maxima of the 

original histogram. This whole process is a 

series of clustering a gray level interval into 

several subintervals so that the original 

histogram has the adaptive global maximum 

over each subinterval. Thus, we call this 

process the AGMC process. 

Each cluster is usually characterized by 

a constant intensity and no spatial constraint is 

imposed. In practice, images are usually noise 

contaminated versions of the reflected density 

function, and the image intensity of the same 

class may change over space due to some 

physical constraints of the imaging system. In 

many biomedical applications, even though the 

relative intensity is evident for different 

clusters within a small neighborhood, different 
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clusters at different locations may have similar 

intensity appearance due to the inhomogeneous 

nature of the imaging media. Therefore, a 

single global threshold is usually inapplicable 

to such images even within the same 2-D cross-

section.  

The ability of being adaptive to the 

local intensity distribution is generally required 

for a robust image clustering algorithm to 

obtain the correct clustering results. In addition, 

certain spatial constraints are needed to prevent 

the algorithm from mis clustering caused by the 

impulse noise introduced in the process of 

image acquisition and reconstruction. Such 

spatial constraint is based on the assumption 

that a pixel generally tends to belong to same 

cluster as most of its neighbors unless it is on 

the edge of a sharp region transition. These 

extensions have included the spatial constraints 

through the modeling of the spatial distribution 

of the clusters as Gibbs random fields. 

Such modeling of spatial distribution 

indeed imposes the spatial continuity in the 

process of clustering. His algorithm includes 

not only the 2-D spatial constraints 

characterized by Gibbs random fields, but also 

the adaptive capability specified through 

iterative estimation of local means of each 

region.  

We have extended Pappas’ algorithm 

through the development of 3-D spatial 

constraints to suit the volumetric nature of the 

image data and an enhanced adaptive capability 

to account for the varying characteristics of the 

cluster means as well as cluster variances. 

In biomedical applications, the spatially 

varying intensity change of a biomedical 

structure is usually caused by in homogeneity 

in the process of image acquisition, such as the 

inhomogeneous distribution of the contrast 

agent in CT imaging or inhomogeneous 

distribution of the magnetic field gradient in 

MR imaging. It has been shown that such 

intensity change can be updated locally during 

the segmentation process through a maximum a 

posteriori (MAP) estimation scheme. In this 

research, the update of intensity change is 

represented by the estimated local cluster 

means and local cluster variances. If we denote 

a given image by y and a segmentation of this 

image by x, according to Bayes’ rule, the a 

posteriori probability can be expressed as 

)()|()|( xpxypyxp        (1) 
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where )(xp is the a priori probability of the 

segmentation, and )|( xyp represents the 

conditional probability of the image data given 

the segmentation. The Gibbs random field can 

be characterized by a neighborhood system and 

a potential function. A Gibbs random field 

constrained image segmentation is 

accomplished by assigning labels to each pixel 

in the given image. Therefore, we have 

),|(),|( ststs Ntxxpstxxp           (2) 

For a 3-D image, a straightforward extension of 

2-D neighborhood system concludes that the 

neighborhood of a voxel can be represented by 

its six nearest neighbors. A Gibbs distribution 

can then be defined as 










C

C xVxp )(exp)(     (3) 

In particular, when the sampling lattices 

of the given 3-D images are not uniformly 

structured, the clique potentials need to be 

carefully modified according to the relative 

length of each lattice unit. A non uniformly 

structured sampling lattice is a common 

practice in medical imaging since resolution 

within a cross section is usually different from 

the resolution between cross sections. The 

proposed adaptive clustering algorithm applied 

to the CT volumetric data is implemented using 

the method of iterative conditional modes. 

Starting  from  this  segmentation, our  

algorithm  alternates  between  estimating  x 

and  estimating  the intensity  functions. We 

define an iteration to consist of one update of x 

and one update of the functions. The window 

size for  the  intensity  function  estimation  is  

kept constant  until this  procedure  converges,  

usually  in  less than ten  iterations  (The  

number  of iterations  could  vary with image 

content). Our stopping criterion is that the last 

iteration converges in one cycle.  The whole 

procedure is then repeated with a new window 

size. The adaptation is achieved by varying the 

window size W.  

Initially, the window for estimating the 

intensity function is the whole image and thus 

the intensity functions of each region are 

constant.  As the algorithm progresses, the 

window size decreases.  The  reason  for  this  

is  that  in the  early  stages of the  algorithm,  

the  segmentation  is  crude,  and  a  large 

window is necessary  for  robust estimation  of 

the intensity functions.  As the  algorithm  

progresses, the  segmentation becomes  better,  

and  smaller  windows  give more  reliable and  

accurate estimates. Thus the algorithm, starting 
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from global estimates, slowly adapts to the 

local characteristics of each region. The  

strength  of the proposed approach  lies  in the 

variation  of the window  size which  allows  

the  intensity  functions  to adjust  to the  local 

characteristics  of the image. 

Feature Extraction 

Multiple regions are helps to find the 

distinct regions; from this we can extract color 

features using five channels. Red Green Blue 

from RGB spaces and Hue Saturation from 

HSV space. Value v from HSV space is not 

used in this because value v channel is almost 

same as r channel. These are mainly done by 

using histogram equalization 

Classification and Deformation 

A support vector machine is used as the 

classifier. The LIBSVM [10] with linear kernel 

is used in our experiments. We first restrict the 

active training data set to be a subset of the 

available training data set (pool) and proceed 

iteratively. In every iteration, the training is 

performed on the active set and returns a 

preliminary classifier. The classifier is then 

used to evaluate the pool. In every round of 

training, the active training set is extended by 

examples misclassified in the previous round, 

thus emphasizing samples close to the decision 

boundary.  

 

Figure: 3. Disc boundary detection using 

deformation and classification 

We repeat the iterations until there is no 

improvement in the classification accuracy or 

the maximum iterations have been reached. 

After that, the trained classifier is used for 

subsequent testing; figure 3 shows the 

boundary detection of disc. 

CUP SEGMENTATION                                

Obtained disc is then used for cup 

segmentation. Optic cup segmentation is 

similar to optic disc. The main challenge in cup 

segmentation is to determine the cup boundary 

when the pallor is non obvious or weak. In such 

scenarios, we lack landmarks, such as intensity 

changes or edges to estimate the cup boundary 

reliably. Although vessel bends are potential 

landmarks, they can occur at many places 

within the disc region and only one subset of 

these points defines the cup boundary. Besides 

the challenges to obtain these points, it is also 
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difficult to differentiate the vessel bends that 

mark the cup boundary from other vessel bends 

without obvious pallor information.  

Moreover, combining the vessel bends 

with pallor information is a challenging task 

that often requires a set of heuristic parameters, 

which raises the concern of the robustness of 

the method. We present an adaptive global 

maximum clustering based method for cup 

segmentation that incorporates prior knowledge 

into the training of multiple region 

segmentation instead of relying on vessel 

bends. Cup segmentation, which is similar to 

that for disc segmentation. 

Adaptive Global Maximum Clustering 

Here also we can able to find the 

reasonable number of distinct regions not only 

for clean images but also for noisy ones. This 

method is made up of two procedures. First, we 

develop the adaptive global maximum 

clustering. In this procedure, we deal with an 

image histogram and automatically obtain the 

number of significant local maxima of the 

histogram. This number indicates the number 

of different regions in the image. Second, we 

derive a simple and fast calculation to segment 

an image composed of distinct multiple 

regions. Then, we split an image into multiple 

regions according to the previous procedure. 

Feature Extraction 

The feature extraction process is 

summarized below. After obtaining the disc, 

the minimum bounding box of the disc is used 

for cup segmentation. The histogram feature is 

computed similarly to that for disc 

segmentation, except that the histogram from 

the red channel is no longer used. This is 

because there is little information about the cup 

in the red channel.  

Classification and Deformation 

This step also similar to the 

classification and deformation of disc. A 

support vector machine is used as the classifier. 

We randomly obtain the same number of 

regions from the cup and non-cup regions in 

the training step from a set of training images 

with manual cup boundary. Similarly, the 

output values from the LIBSVM decision 

function are used. 

Cup to Disc Ratio 

After obtaining the disc and cup, 

various features can be computed. We follow 

the clinical convention to compute the CDR. 

As mentioned in the introduction, CDR is an 
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important indicator for glaucoma screening 

computed as  

VDD

VCD
CDR      (4) 

The computed CDR is used for 

glaucoma screening. When CDR is greater than 

0.3 then it is glaucomatous, otherwise, healthy. 

CONCLUSION  

This work on detection of cup region 

and disc region was applied on the fundus 

image dataset and the region was detected with 

fair accuracy. This paper is that considering the 

adaptive global maximum clustering method 

and we can detect the glaucoma and its 

severity. Extension of this work will be in 

finding the OD region for detection of 

glaucoma.  

As a future work, the method can be 

extended to help in differentiating the hard 

exudates from glaucomatous images. 
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